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A. ITODUCTION

I. Structures, which are composed of helically arranged globular protein sub-

units, are widely dimtributed among animals, plants, bacteria, and viruses.

Their aralyses ý,nd reconstitution outside the cell is in many cases successful

through apprppriate alterations of the pbysicochemical environment (for examples,

see Szent-Gyorgyi. 1951; Audley and Cbckbain, 1966s Abram and Koffler, 1963;

Poglasov, Porhsenius, and Belavtseva, 1965). In the case of the tobacco mosaic

virus, the entire virus particle constitutes such a structure whose accurate or

approximate structure can be deduced from studies ca alkali-digested virus

(Schramm., 1947)t nucItc icid-free sheath protein alone (Tak-hashi and Ishii,

1952), or sheath protein together with intact RMA (Fraenkel-Conrat and Williams,

1955). The disaggregation and regggregation studies have shovn that the protein

ultrastructures are not held together by covalent bonds and that the properties

of the rubunits determine their geometric arrapgement. The capacity of the

subunits to form ordered aggregates can be destroyed like the catalytic activity

of enzymes by fornes which do not involve covalent binding (denaturation - for

Sdefinition, see Joly, 1965). In the case of the tobacco moeaic virus, through

studies on the renaturation of phenol- and urea-denaturated sheath proteins,

it has been corxluded that the amino acid sequence alone probably determines

the folding of the subunits and consequently the morphological structure of

the virus particles (Anderor, 1959). The sheath protein of TMV is both structu-

rally and protein.cheridcally the best studied structural protein (for structural

AbbrWiations used: TM7 - tobacco mosaic virUs; ts temperature-sensitive;

tr - temperature resistant; def - defect; SP - sheath protein; PRA - ribonucleic

Sacid; RNase - ribonuclefse; EDTA - ethylenediuuintetraacetic acid.

.ii x 7 .Z......
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st4:dies, see Anderer, 1963, and physicochemical studies, sec Caspar, 1963).

Throagh studies on the genetic code, mutants were one or several known amino

acid substitutions are available (WIttmann, 1962, 1964pa Tsugita and Frankel-

Conrat, 1962). Through physiological studies (Jockusch, 1966a), it has been

shown that many of Wittmann's nitrite-mutants and several spontaneous mutants

of TMV (Melchers, 1942 and unpublished) are temperature-sensitive (ts): in

comparison to the wild types and temperature-resistant (tr) mutants, they

produce considerably less extractable, infectious virus particles at 30-32oC
jithan at 230C (Jockusch, 1964). Kassanis (1957) has made similar observations

j , Iin the case of tomato mosai6 virus, which is a natural variant of THW. It was

possible for him to show-that high temperatures did not have any effect on either

the primary events of infection or the finished virus particles; he was not able,

however, to present &n explanation for this temperature susceptibility.

II. The appearanee of temperature sensitivity through a single mutation was

first shown in Neurospora (Mitchell and Houlahan, 1946 ). An experimental

explanation for the mechanism was presented by Mas and Davis (1952) for a tem-

perature-sensitive, auxotraphdc mutant of Escherichia coli. In this case, the

pantothenate synthetase of the mutant, which required pantothenic acid at high

temperature, was essentially more thermal-labile in crude extracts than was the

:-zyme frou the wild type. In the case of structural proteins, mutations leading

to temperature sensitivity were first demonstrated by Edgar and co-workers in

the T4 bacteriophage system using genetic methods (Epstein et al., 1963; 'Edgar-

and Lielausis, 1964). Using the Polio virus, Cooper (1962) demonstrated a

correlation betwen the temperature optimum for intracellular virus replication
and urea-resistance of the virus particles. Since these strains have been

obtained by selection at different temperatures, then a compatible alteraticn
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of the 3tability of several virus-specific products ceanict be excluded'. A

correlation of In vivo and in vit'_ o behavior, simi-1cr to the findings of

! Maas and Davis, was first clearly shown for a structural protein using the

sheath protein o TMV mutants. This has already been reported on (Jockusch,

19641, 1966b).

I1I. By means of the studies described in this and the subsequent paper, it

has been shown that the ts behavior of the predominant majority (class I) of the

ts mutants of TMV (only) is based upon amino acid substitutions in the sheath

proteins, and that the in viv_ behavior can be explained by experimental studies 3

yin vitro, and That the influence of carie external conditions and knov amino

acid substitutions on tthermeal stability of TMV sheath protein canvbeqdemon-

strated.

B. MATEIAL AD I.THODS

I. Sourca of Biological Materials

1. The host plants employed and the virus strains are presented in Tables I

and 2 along with information as to the source.

2. Isolation of New Temperature Mutants

Nitrous acid was employed as the mutagen (Mindry and Gierer, 1958).

Directions for its employment are given by Wittmann (1962). Strain AUh served

as the parent strain, In the case of the Series 22,... and Ni23*...., lesions,,]

4 A specific correlation between in vivo temperature sensitivity and lability

of virus particles was demonctrated nevetheless in the case of the Sindbis

-virus (Burge and Pfefferkorn, Virology, 30, 1966).

i i - i



TABLE 1

A ~Host Plants

:1 N~ -Family Source

ijNicoti;;na tabacmig var. Samsum Solanaceae see Meichers et al,,
1 ysehde host) -1966

:1Nicotiana, tabP-.*M var.- YAnthi Solaaricaes Takahashi, 1956.

(Ilocal ~Iesaio-n 1ost)-

*Plan-tago major Plantaginaceae grown in Tubingen

ILunaria annua Cruciferae purchase in Tubingen

Amaranthus paniculat-4s Amaranthacese purchased in Tubingen

(var. "Dwarf torch" _____________

I TABLE 2

Designatlon Paren Strain FUtagen Isolation

Vulgare -Nic. viras:I* - Johnson, 1926.

MilO3 - 120 vulgare 1=O2  MJittmann% 1962 II 1f688 - 2068*w vulgare HWE2 vittmaann, 1964

F U 27 vulgare F-uracil 'Wittmann, 1961s

iIC? 151 vulgare -- V* Sengbusch, 1965

PM P12 M10 2  Siegeleat al. 1962

t IJ.avun Meichers., 1942

necarýs flavumn Y Mndry, 1957

ref lavescerus necans -I Mechers,, unpubi.

I -A-14 a Meictiersunpubi.

-Ni458 - 196 * Al 14G Wittmann., 1962

Ni2201h 2519 A i1h HN Jockusch & Vlittmann,-AI II~~2unpiiblithed

T~ble contimied on next page

= -V,
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'able 2, Contd.

Designation Parent Strain Mutagen Isolation

dahlemense - -elchers, 1940, 19h2

U 2 (mild) -- Wildman et 61. 1951

Holmes' Rib grass
(HRf ) - -- Holmes, 19hl

* Found in 1937 by Stanley

'~In-Jockusch, 1964~ and 'Wittmann-Liebold et 11. 1965, mistakenly described as

derived from A IL. -

Text- continued frn Pge L ,

ihich. were produced on Xauxthi tobacco after V.roiis aciA treatment, ere each

inocula't.d onto Samsun leavs. Parallel lzvepvq of these leaves were incubated
in a climate chamber at 230C and 32'C in nutriant solutions. The virims con-

centrations produced on the leaf halves were then determined in a ccmparative

marner en Xanthi tobacco by the local lesion method. By means of this test,

mutants were selected which abated significant deviations fram the parent strain

A 14•. They were further tested as described in Section C.I.

In the case of aeries Ni25..., these were specially selected from mutants,

which themselves did not display tissue infectivity at high temperatures.

Like the test employed by Edgar and Lielausis (196h) for T4 coli phage and non-

sidering the fact that the hypersensitive tested used as an indicator on

Xanthi tobacco is in itself temperature-sensitive, the matant midrture was

cumorly tirst inoculated mto the xanthi tobacco at high dilutions. Tbe plants

were then held for orn day at 230C, followed by 2 days at 32 0C, and then two

additional dayis at 230 C for tdevo-loplent" of t'he ni- ,os' Those lesions .. re
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celected whose edges were not clearly dispersed as is the case with tr and ts-I

strains grown at 320C ("inflammed spot necrosis"). In contrast to the plaque
technique for phage, during this process, a selection was made against those

mutants whose temperature sensitivity involves the maturation of the virus

particles, since complete virus particles are not necessary for the diffusion

from cell to cell in the leaf tissue (Siegel, Zaitlin, and Sehgal, 1962), The

isolation of the mutants was carried out Jointly with Dr. H.G. Wittmann (Max

Planck Institute for MolecularrGenetics).

3. Recovery and Purification of Virus

The method employed here is debcribed in the papers by Wittmann (1962 and

S1964). For the removal of plant proteins, a Frilen 113 (Hoechst) 2 was employed.

A few preparaticns were recovered by thR polyethylene glycol method (Leberman,
in press). In all cases, with exception of the recovery of the mutant Ni2204,

abbheat precipitation of the plant proteins for 10 minutes at 60°C was carried

out. This is no indication that this method of removal of the plant proteins

has any effect on the protein-chemical properties of the purified virus pre-

parations (see V. Sengbusch, 1965).

II. Sera

Antiserum against TWV-vulgare was prepared using Freund's adjuvant as

described by V. Sengbusch (1965). For titering, diluted samples were tested
against the antigen and the formation of a visable precipitate checked for.

III. *Climate Chamber

The clinate chamber employed was described by Mundry (1957). The tempera-

tures given were air temperatures whose possible variation was about + 0.5oc.

2The firm Farbserke Ho-chst is thanked for the donated Frigen (translator's note: 4

the word "Frigen" appears to be some sort of a trade name. It cannot be transla-

ted into English).

AW



Under the test conditions employed, the deviaticn of the true leaf temperature

fran. the air temperature should be < 0.5Oc (Murdry., 1957). The chamber was

continually Mllutinstdd with light of about 5•,000 Lux intensity (Osram fluores-

cent lamps MG 200)3.

I. Test for Stable Infectivity

Where not otherwise noted, this wa- zarried out as follows: from each of

the infected leaves to be tested 'ere stamped out five discs (diameter 13 mm,

i eight ca. 30 mg each) which were then homogenized in a mortar with 0.25 ml

of W15 phosphate buffer, pH 7.0. 0.5 ml of the homogenates were diluted with

i4.5 ml of phosphate buffer, allowed to stand foi' approximately one hour at room

temperature, and then fromen at -1OOC. 1 ml of test solution contains about

6 mg ot leaf material (vet velght). For the test, the samples were thawed and

the denatured plant protein vas centrifuged out. The supernatant was applied

I to Xanthi tobacco with a glass rod using the half leaf method (for example,

I 320C sample against a 230C sample). The test plants were incubated in the

kreen house.
m4

I 2 Test for Virus Proopagation in Tissues.

Generally, the primary symptoms on Samsun tobacco Ocblorosis) were so

i •clear at high tem-eratures that a special test for propagation of infectious-

ness was not required. In doubtful cases, an alternative test procedure on

Xanthi tobacco vas employed. The primary necrotic lesion on tobacco is in

itnelf quite severe at tdgl temperatures (Samel, 1931). It can be "developed"

3 The Osram firm ic thanked for the fluorescent lamps which were donated.

iiLi



however, I a about one day.through reverse propagation at low temperatures,

Accordingly, the TMV strain to be tested was is.oculated onto the Xanthi

plant, which, after 1 hour at room temperature, was held for the first two

days at 320C and then Tor one day at 20 -250C. As t-ho infectious agent

diffuses through the tissue, larl necrotic lesions (diameter h-8 rmm) are

formed, whereas at lower temperatures, the controls did not give these

typical necrotic lesions.

3. Electron Microscopic Examination for Virus Partitles.

For this, leaf extracts prepared by Iow speed centrifugation were subjected
to agar filtration (Kellenberger and Arber, 1959). The preparations swere ha-

dowed at an angle of .200 with platinwm-pall3i* m and examined under an EMmscope I

(Siemans). (The electron microscopic examinations were carried out by Dr. H.

Frank, Max Planck Institute for-Virus Research).

I. Test for Labile RNA

The buffers of Sarkar (1965) were employed. In these the TMV-RNA in leaf

extracts could be protected against RNase activity without the TMV viruc parti-

cles being decomposed. Both 1ase-sadsitive and RNase-resistant infectious

agents were differentiated in similar ways as described by Sarkar (1965). The

buffers employed were: "NE" - 0.1 N phosphate, 0.5 M NaCl, pH 7.5, and "Tr" -

0.01 Tris, 0.05 M NW22H1P0, 1EI, pH 8.8.

5. Gel Electrophoresis of Proteins.

For the detection of TMV sheath protein polypeptide chains in plant ex-

tracts, electrophoretic separations were carried out in polyacrylamide gels

using concentrated urea solutions (Duesberg and Rueckert, 19S5), since in this

case the original native state zf the proteln does not play a irole.
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"The apparatus developed by Tichy (1966) for the simultareous electro-

phoresIs of multiple samples was employed. The gel in Aronsson-GrorvallS buf'.Ft (.Ar'o~so-8nd Oronrall,, 1957) contained-: 10 % cyanogen 41 (Serwa,,

o.6 % diminopropicritrile, 0.06 % amonium perocydisulf.te, The polymeri-

zation was carried out at roam temperature and took only a few minutes.

During the run, the temperature was held at about 100C by water cooling. The.

volt3ges was 200 V and the current was betveen 48 mA and 30 mho The length

of the run, as 1..hours.

C. RESULTS

I. Temperature Behavior in Tobacco Tissues

The temperature behavior in tobacco of 26 mutants and four wIld strains is

.given in Table 3, columns 3-7. The quotient Q denotes the ratio of the infecti-

vity at 3200 to that at 230C. Strains having a Q ratio of ýS 0.5 are described

as temperature-sensitIve (ts). Strains which had a virus concentration at 2300

c•.pafable. to that of vulgare and which had a Q value of ' 0.5, were classified I
as temperature.-,tsistant (tr). Strains which produced far less virus particles

than vulgare at 230C were described as defective (def). The results for three

independent studies carried out under different conditions are presented. The

Q values are regarded as approximate values. The classification of several

mutants as semi-sensitite b.-ed on the results of Stc:dy I (Jockusch, 1964)

vas discarded. The solutions tested in Study I wer: ?ive times more concentrated

(ca. 30 rg/mi leaf material, vet weigbt) than those used in the other studies

(z_. 6 mg/ml leaf material,,wet weight). Because of this, the Q values ofteh

turned out to be too high since the tests were not carried out in the linear

region of the standard curve of number of lesions against virus concentration.

-By meads of these • valutes, however, (a) ts mutants can be specifically characteri-

zed, and (b) the relative stability of these ts mutants can be ascertained.

--kA
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In the case of several mutants (for example Ni2068),, the later studies show

differences in the Q values which cannot be explained either as a result of

non-linearity of the standard curve or as a statistical error (five leaf dises

j ~ of 13 irm diameter eontaining>20 primary lesions). In these ca~es, the dena-

Sturation temperatures (see 'Kauzann., 1954) probably lie in the vicinity of 32°C

so that small variations in conditions during virus cult.-tation are substantially,

magnhif fed.

SThe most. i:mparr tent results in Table 3s columns 1-7, 3% and 14 are as

S~follows:

j

!I(a) more than half (14 mut of 21) of the mutants specified (the selected

mutant.s of series 209.. are not included) are ts. _in comparison, the four

• --

vild strains studied., namely,, jrýga , dh.hlemen~se, ERG, and U2., are -br. .

(b) With the exception of tie speci2l Outan6s Nhi2elte., dich were selectedhe

against this characteristic, infectivity was displayed in all cases at 320C on

the prtmarinected leaf (distinct cu hlorbsis on Samsun leaf or positive results

ofo13 t diameter �ctsse- aibed in Section B. sIn.). The In results show thate en-

perature-iso eritivwe step can be neither a piomary process of infectiov nor a

4ht ssalv for the intracellular drnghvisof infectious materials.

thisdesribe reultsin able3~ olun h 1, 3 tenpelataresa

Definition: t hcs mutants. whore infectiousness at i eu iseuecs

is displayed, should-be hereafter desibed as ts mutant l lf class I (ts-2),

(c) Of the sixteen tle-a or def mutants, only three lefe noro typical yellow

strains: Ni 116., Mi 118., XNi 2068 However., Ni 3-16 and Mi 2068 stll belcng to

relatively etabole ts-T strains. Moreover., up until now., no, i-trong yellow strain

S~~has been found which is rxt__iso On the other hand,, bet-ween one otlh=•z charac- •
tests ins elyt to sbow n ecrosis reJas tobacco ( telcters, 1942;

sei-i fTVm tpcant be nierarmrypoces of ineti#4 o

Ictable tor ma us def mutantsmn , e 196) and the ts avic r ylo

no signifiey at correlation can be showne p
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(d) Anl of the ts-T mutants have at least one amino acid substitution

in their sheath protein as com zred to their tr parent strains. (Protein-

chemical data in this case are the pfpers by Wittmarvi, 1962, 1964; Wittmann-

Liebold at a%* 196),. This oomrelation, howevr, does not appear to 'jild true

for mutants N 1 511 and Ni 606 which hrve been described as "not having any
amino acid substitution &a compared to A 140.(Witmanns, 1962). According to

electrophoretic investigations o0 intact virus particles, these mutants have

a substitution of the type: amino dicarboxylic acid - mdno dicarbcxylic acid j
aradis, ihich cannot be detacted after hydrolysis of the proteins (V. SengbuschO

" IT Variation of The Hodt Plant-

The host range of I11V is extend'3d over many plant families (Holmes, 196C).-

As a result,- one can differentiate between the host-specific and the virus-

sp~acific~ haractenistics by varying the host plant within as wide a range- as

I possibUo. In a general study, the host plents Plznto maJor, maranthus

paniculatus, and T.un3ria annua were employed, Columns 813 of Table 3 show

'lot generally when a TM7 strain is ts on tobacco, then it is usually ts for

these other three hosts; vehe it is tr, then it is tr fn the other three hosts.

The exceptions are: Ni 109 - tr. on tobacco, ts on Amaranthus and Lunaria;

reflavescens - ts on tobacco and Amaranthus, t- on Plantago; Ni 1196 - tr on

on Piantago, ts on the three other hosts.

III. Proof for The Mmphesis, That The ts-Cheracteristic

of TW s3s I at83 -A defect 81f!tieca
Ii

1. Formation of-Virus Rods.

For the different studiet, electron microscopic checls were. carried out

as described in Section B.IV.3. It was found thatt : gare -produces considerably

1;N

__ -" • "". .- _ _ _ _" "- "
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nore virus rods at Nec than at 23 0 C after h to 6 days. The ratio of the rod

concentration at 32OC to that at 230C is sign!ifcantly higher thar the ratio

of infectiousness at 320C to that at 230C. This indý.caten that the rods formed

at the higher temTperature have less specific infectiousnes9 (sae t6ebeurier avid

Hirth, 1964). At 320C, NW 118 produces • 1%, reflavescens 5 5 %, the quantity

of r.ds formed at 23°C. At 300, U 2 produces a quantity of rods cosmarable to
S that of vulgare, whereas Ni 118 produces< 1 %.and fla-um <5 % the rod con-

centration produced by vulgare. These obseivations made ot the three ts-T

mutants and the two WIld strains led to the conclusion that in the case of the

ts mutants, the formation of rod-like sheath protein aggregates is temperature

dependent.

2. Temperature Growth Studies.

(a) Pre-DIcubation at Nigh Temperature.

If the temperature defect were due to an indirect ini'luence on the host

cytoplasm, for example, the accumulation of metabolic products which inhibit

the biosynthesis of certain TMVW mutants, then a pre-incubation of host plants

at high temperature should alsbihave the same effect.

Seven veek old Samsun plants were held at 230C and 35t in climuate chambers

(continous illumination). After the sixth day, there were inoculated with a 4

0.1 % Ni 118 vinrus suspension 3s in the test for temperature sensitivity, incu-
bated for two days at 230C. and then extracted and tested as described. The

extracts of the plants held at the high temperature were compared vith the con-

trols in concentrations of 1/1, 1/5, and I/ASI The comten& of infectie-e agent

of the plants held at 3.50C vs. that of the plants held at 230C was Q a 0.77

+ 0.125 (twelve values from three different sample pairs). The heaz treatment Ia(1

then, at least in the case of Ni 118, no effect which would explain the tempera-

ture behavior of these strains on the basis of a persistent inhibitor material.
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Legend to Table 3

The property over each column is given for the strain in question usingr

the following symbols: + present; 0 absent; -- not studied; / not definite.
aThe protein-chemical data in column 2 are date. from the papers of Wittmann,1962, 1961, and Wittmann-liebold et al., 1965. Column 3: most of the descriptions

of symptoms were from the papers of Wittmann, 1962, 196h.

bSubstitution fomd by electrophoresis of the complete virus (V. Sengbusch,1965.)

Colunn 1: For the genet-; origin of the rtrain, see Table 2.

C olmn 2: Amino acid substitution in the sheathprotein as compared with the
parent strain,

Column 3: ++ strong yellow symptoms (example is flavmr), + distinct yellow symptoms(eamleNih5"j9 n yelo simptoms-.--- e distinct priary chlorosesand the yellow area on sprouting, secondarily infected leaves are

typical of the yellow strains. Ni 2338 shows primary necroses on
Samsun tobacco.

Column 4-6: The quotients given are those obtained by the half leafttest for the
infectiousness of the 32cC sample/infectiousness of the 230C sample.
Study conditions: two leaves were cut from 7 week old Samsun plantswhich had been cultivated at 230 C for four days under con us
illumination. They were rubbed with carborundum, inoculated with a
0.1 % virus suspension using a glass rod, and immediately washed with
water. After 1 to 2 hours at room temperature, the plants were
placed in the climate chamber. -They were incubated in the case ofRun I for four days and in the cases of Runs II and III for six daysa
In Run II., the plants were not placed in a climate chamber but were
held in the green house at 20 - 250C ,nder continous illumination.Concentrztion of the extracts: In Run I ca, 30 mpg/ml and in Runs 11
and III, ca. 6 mg fresh leaf material per ml buffer. For details,
see text.

olumn + either s toms clearly seen on Samsun tobacco at 3200 ( as observed
in most cases) or positive accordin-to Test B.IV.2.

Column 8-13: Q values as previously defined. Inoculation as above. The symptoms

that developed were always obtained from the same leaf which was also
extracted. Plant ages: Plantago ca. 10 weeks, Amargnthus 3 weeks,Lunaria 6 weeks. Incubalo-n -Tlmes: Plantago and Amaranthus 4 days,
Lunaria 7 days. Instead of five leaf uttings as with to'bacco, theentire leaf cutting (5-7 cm long) were extracted since significantly
fewer primary foci were found in contrast to tobacco.

Column 14: +: tr and no amino acid substitution in the sheath protein or ts witha l-stitutior; (4): tr with a substitution; 0: .em•lnge .

_ _ _ _ _ _ _ _

-!'-P- I-
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Legend to Table 3, Continued

Column 15: -+: ts and yellovw tin nd no Yellow strain.. Or reaiing
om~binations.

dolumn 16: s Q < 05; tr > 05 (i# most studies-); its o -Q >>; odef•:• also at1io0 temperature signuficantly less infectiviy nroduced-than vith
vulgare. See text,

Column 17 See text.

ImI

I,:I
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(b) Post-Incubation at High Temnerature.'

I one pemits the plant cells to synthesize virus at low temperatures

and then transfers them to a higher temperature at a time when any additional

increase in the number of viruses would be quite small, then a conclusion can

be drawn on the basis o0 the virus titers obtained as to the intracellular

stablity' of the mature virus particles. Included in this study also was

I Ni 2519 which-doesenbt belong to Class I.

Three lea'vs were cut from each of four 38 day old Samsu_ n plants and

were inocul-sted with the following virus suspensions (without carborunduim):

vulgare, Ni 118 - 0.1 % vir-as suspension in phosphate buffer, Hi 2519-
homogenized leaf material in phosphate buffer. The plants were kept in the

green house for nine days (55 % of the time: temperature • 259C, b5 % oftthe,-e

ti.--;:temperature > 250 but K 306C). Two plants were extracted ýas controls

while the other pair was held for six days at 320C in a climate chamber and thenr

extracted. Extraction was carried out as described in Section B,IV.I., except

that the samples wors diluted 20-fold in the second step so that the final

solutions would contain about 3 mg of fresh"leaf material per ml. These solu-

tions were further diluted 1/5 and I/10 and tested in pairs (heat-treated vs.

controls). The following contents of infectious agent were found:

Vulgare Q - 1.1 +0.15, n - 24

Ni 118 Q -o.57 + 0.0-9, n -l

VNi2519 Qal.; + OAP na 3

In contrast to that, of vulgare, the Q value of Ni 118 is significantly

lower but not s&e low that it explains the v~lue of Q < 0.01 found by the test

for temperature sensitivity (C.l.). Th -tS bWeiior according to this is not a

consequence of the decamposition of mature virus particles in the cell. Under

these conditions, a similar study with flavum could not be carried out sirce

the leaves decay durirn the lzng incubation period. Kassanis (1951) has shown

Mean + standard deviation, r - number of p3aa11el te•,• -
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S however, that with the yellow strain, Tomato Acubs virus, which one must place

x in Class ts-I based on his information, the intracetu.asr stability of mature

virus particles -itemperaturi where no new virus particles con be produced,

is malitined. "The Q value of Ni 118, which is less than I, can be explained

from-a comparison with the behavior of j-ilars in two ways: (a) The vi-ra:S

particles of -both strains are decomposed i at high temperature but vulgare

co nsstes for this degradation by new synthesis. The findings of Kassanis

(1957) support this possibility; (by At temperatures oaer'250 C, the Ni 118 virus

particles which are synthesized are more labile than those of yIgare. This

possibility is improbable because of the extremely high in vitro stability of

Ni n18 particles synthesized at fluctuating temperatures.(Part I1, c.VI.).

In all the cases, it was shown that eventual differences in the stability of

mature virus particles cannot be the cause of this, and that Nill8 produces

significantly less virus particles than vulgare at 32 0C. The same holdsttrne5

for Ni 2519. Since the maturation is not ts, prehaps this expliins the further

maturation of virus particles in elnd infected at lo temperature in the case

of Q values greater than I (see C.II.2.e.)*

I (c) Temperature Shift during Propagation of Infection

(81) Ni 2519 on Xanthi Tobaccos shift from 23--,o 32 0C. FMlly grown

Xanthi plants, cut down to four complete expanded leaves as in the infectivity

test, were inoculated with a diluted hcmogenate of Samsun leaf material infected

with Ni 2519, and were then placed in a climate chamber at 230 C under continocus

illumination. At various times, the plants were placed at 320 C and 24 hours later,-

:they were moved to the green house (20-250 C) forievelopmeut of necrouis, Nine

Sda. later, the necrotic lesions were counted.

SFigure 1 shows the mrmber of necroses plotted as a function of the time

post-iiifection of the shift from 2300 to 320C. The number of necroses begins to

in-rease Sharply between the 12th and 16th hour post-infection. The point zo
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the initiation of lesions is still inhibited by high temperature C > 12 hours

nost-infection) is so late that on-must assume that the ts step does not in-

volve the prinary processes of infection (penetration of the virus particle,

release of the RNA) but rather a later, intracellular, virus-specific function.

-0

I1

Figure 1. NI 2519 on Xanthi tobacco* Plot of the number Of • "

macroscopic lesions as a function of the time post-infection
of the transfer 23 0C -- 32°C. After incubation at 320C, the
plants were held in a green house at 20-25cC for "de velo-gene..P-
of the lesions. 'The large lesions are wil•;Fpe contaminations.

(b') Ni 118 and Ni 2519 on Samsun Tobacco, Shift fro! 320C - ca. 20cC

Sau__un pla~vis were inoculated with 0.1 % suspensions of Ni 118 2nd Ni 2519 tardes-

cribed in Sectiot.C.1. As controls, Xant__i plants were inoculated with the same

suspensions. The Saran plants were smeared with TMV-vulgare antisenuc (titer

128, diluted 1/10 with phosphate buffer, pH 7.O)."-. cne hour post-infection

and were held at 320C (continous ilmination, 95 % rei~tive humidity). After

15 minutes, the antiserum was washed away with water ard t!he 2ero-time plants

were placed at 20-25°C for 8 hours in 4-green ;iouse. Two oth(r- groups rowe

placed in the green hous- for 8 hvrs at ;2oC. after the 12th and 36th hour

post-infectlon. A3l of ihe plants were exposed to indir-cct daylight during- the

8 hours in the green- house. The control plants were left up to 44 hours post-

infection at 320C. Ptior to extraction, leaf material wos cobled to 40c. The
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extraction-was carried out as described in Section B.IV,1. I/ -ird 1/_6 dilu-

tions -f 1.e extricts were tested on Xanthi plants.

-hown in Figure 2 is the infectivities that remained. In tle case of the

Bhort-parlod peatincubation at low temperature, there developed on the leaf

Sinoculated with Ni 118, a large number of stable viruses at the higher tem.pera-

turep vithout production of the virus particles as the controls showed. This

indicates, therefore, that the defect of Ni 118 is only a defect in maturation.

In the case of Ni 2519, this rapid increaso in infectiousness was not observed

when the temperati're was decreased. According to Section CoITI.2.c.a', ii is

assumed that the irfectiousness can generally not be displayed in tissues at

high temperatures. The fact that high infectious virus preparations were em-
ployed for these studies is shown by the ,) 1000 lesions per leaf that were

observed on the infected control Xanthi plants.

N its: 0.,

1300 M 2M.

0. N

i iI • 6fFigurt•e 2. Ni 118 and Ni 2519 5n Sanisun tobkacco. Plot of the-IThs vimb r use2 t :me at 20°C after 8 hours against the timne• ,ii oftransfer 3 2° . 20ooC..Controls: plants extracted with pre-
iosybeing transferred •;o 200 C.

IV. Labi).e Infectivity (R.N.)

These studies were designed to show whether or not ts mutants accumulate

T-1 7_77Z7~i 7 .J 7
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RNase-s~ensitiv" infectivity aiý high tempe~ratures. According to the resuslts of-

Sarkar (1965), the test is most effective when used with a short incutation

time.

Six week-old Samsun plants were inoculated aS described in Section C.I. A
-A

with vulgare, Ni 118, Ni 2519 (.0 % virus suspension 6f all these) and

!Ni 220h leaf extract in phosphate buffer, pH 7.

The leaves were washed immtdiately and treated 30 minutes later with vulgare

antiserum on a cotton swab (initial titer: 328, diluted 1:15 with phosp~hate

buffer, pH 7). After an additional 15 minutes, it was washed once more. -Ti,

Shours later, two plants per each strain -ere placed at 230C and 35°0 in climateLh-mes Attesm A
chambera. At the sanie time, 10 leaf cuttings from inoculated control blants

were frozen as zero-time controls. After 50 hours, the plants were extractel

as~shown in Scheme 1.

SCIM43 1

Extraction of Leaf Material for RNA Detection

10 cuttings, 13 = diamter from 2 leaves
ice bath + spatula tip_ of carborundmu -•i + 2.0 nl buffer ON'"

A
1.01. m OMI

+L.0 ml V•iefr eTP" + h.0 ml Phosphate buffer,
+ several mg bentonite pH 7.0

t.o MI 1.0 ml
i+ 1.0 ml phosphate buffer + 1.0 ml "TP"

S~+ 3.0 --1I

TaT
•.•Test WTfl against Test "'P•

i5:



plants inoculated with Ni 2519 and incubated at• the higher temperature.)

A•s test plants., yound (8 week old) xant!i plants were employed whose leaves

were thinly coated with a 1*I mixture o e~n•m3croud (akr

1965). The "T" -and P" samples for the same irubation t-mperature wer

cmupared by the-half-leaf methods -Labile infectiousneso shotid be present in

the "TO• sample, but destroyzd in- the- ý3P sa-,4leby the leat RNase '(quotient- On

Sinfectiousness of'"T"/" infectiousness of "P" IoTable 4 shows 'the values
f ound* These awe tha mear•s of tho Q values determined c i lo h idepeen t so th

plntes from-six leafd hNaivet s eac 2r

Table 4

As test plantsleyo n f 8wektoldszness plA)ant 2ere empoyd 3 h5eleve

'I ~ ~ ~ ~~ e r &e-time - on-fr-ol ....- .. esilons pe Sr •f ..... '... .
strain lecionsapei halt : n1ubotton leaf for sample(" "

Theaf"-an tP ap es forathe sae "P"~to e~peauewr

th

S23• lO1- 1v 500 ,o('.

i !23oc 5", 00 1r,07

i 2~350C 0 .7+2.

ni70

infctioruinestoSarka'/infe ),os hs test is Tabloxmely 20sh thmes vlessen-

Nies fro8 6~ eftav~ec. T1

•t~ o l30CthIn e 17.7 a 2 d5 3atc-} . oprd i ,t he ormmbe oflsin et ions, pe r the Talf• xtat

A~ ~X 22040.Lv(.

3 O 5 .2 1,0

230 C 1O5 0.8 + 0. 3
L Ni 2519

350C 223.2 +1.1

According to Sarkar (1965), this test is approximately 20 times less sensi-

tive for labile RNJA thaaL for~ intact vtini a~bn simiar particle numibers are

I 'compared. H{is L$ the number of lesions r'eiaiming, Lt for the "T" lffez' extract,,

vZ

-4
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L0 for t!'e phosphate biffer extract is then Lt aV + a/20 N, and - aV if

V and N are the cGncentrationi of virus particles and rmcleiz acid v•spectively.

a is the "plating efficiency" of the virus. Thre, LV follows: Q -0 -

I + 1/20 N/V. If an error of + 20 % €mn be assiwed for the quotient, then IN-/

must always be greater ýhn l in crer to measure a Q of Xo The testwill iho -

only a large excess of labile RNA when intact viruses are also present. -,

Considerirg this methodological restriction, it can be concluded that (a- -

Ni 2204 accumulates labile RNA at high and low temperatures, but more at the' %

low te-perature,, At the same time, this finding confirms thi presence of -real

labile{RA under-these test conditions. (-b) If-the 350C Q-value for Ni-8,i,hich

is greater than 1, is aetually valid, that is,- free R.A is present,-Vthen the

RNA content corresponding to intact virus iG at the very least several ties

smaller thounthat of 14 2204 at 150C. (c) The sane holds- true for Ai 2519.

Hm1ever, in this, case, the- Q value, in -contrast to that cf Ni 11%, i clearý y -

much grenter than 17 =ggasting that there is prob.bly onWy a weak accumulation - -

of labile infectiousness at the high temperature. Aside from hte question of

lobile RNA, the studies show th4t tOs and def behavior by the mutants as tOwm-

pared to the behavior Cf v is also evident after - very s-hortý Incubation

,riod, a fact that serves as another reason f= the small Ievrel of iziiftious-

ness a- 2 300C in the case of these mutants ia addition to those gLven in
NsI

Section C.fII.2.b.

I3
V. Detection of Defective Sheath Proteins in Plan" -•-

Based on the hypothesis that the cltss ts-I mutants prot1ce xo stable virus

or very reduced - u-ntities at high temperatures because qr the conformatioa ol'

their sheath protein subunits is ther•ial-lahile, it can be predicted that the - - -

"infected plant cells should contain at high temperature -considerable- aantities

of sheath protein polypeptide which is similar to ihct of the wild strain vulgar) - - -

I
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Six-week Old Samnsun plants, trimmed to fcur ieavee•, were inoculated as

describad ini Section C.l. vithoa 1 % virus suspersion of vulgare, Ni 118 and

flnvu._m. Control plants were treate I in a similar manner with phosphate buffer.

After 1o5 hourb at room temperature, all the plants were treated with vulgare

antiseimn (titer 128, diluted 1:10 in phosphate buffer, pH 7) and subsequently

placed in a climate chamber at 30oc, 95400 % relative humidity end 5,Ooo lux

3ntensity illuminiation. After five minutes ;f treatment, the antisezium was

wash-ed -off with water. Lea-es from a-mulaarn-infected plant 'ihich was uzed as

a control for antiserum activity 'were homogenized in piusphnte buffer and the

homoagenate was tested on Xanthi tebacco. The study pl.-mts were incubated for

four days in the climate chamber. Because of a deficiency in the cllirztic

controls, the temperature on day 2 dropped to 260C for 4 hours. This did not,

however, inflmnce the conclusitrz drawn from these studies. The extraction of

the leaf materials was carried out according to Scheme 2. 60 gm of-leaf cuttings

were Always put into a finrl voluue of £ ml of urea solution so that I ml of

.the zest sol'ition contained the extract from 10 gm of frebh leaf material.

For coentrol purposes, &xgm plants wer4 inoculated -ith the defective strain

14PM 2, held -for-6 days in the green house at 20-24°C-, gra then extracted i•i the

same manner.

The following parameters were measwued"

(a) Stable infectivity in phosphate buffer extracts (see B.T.1.).

(b) Concentration of viral particles i-a phosphate bufuer extracts (see

(c) Quantity of sheath protein in the supernatant and in the sediment of

phesphate buffer extracts (see B.AV.5).

Thie values that were obtained are summarized in Table 5. Figures 3 and 4

show the results of the polyacr!sfdlv •d gel electrophoresis experiments*.

,_;A

4.,



. cheme 2. Extraction of Leaf Material for The Detection of Defective Sheath Protein

Temperat•.re:0-40C unless otherwise stated-

- - - ~60 gmFresh leaf mtra
" + 6*0 ml PPT, homogenized for 2 min, 12 stages

centrifuged 30 min, 9000 x 0

Supernatant. Sediment

centrifuged 30 mrin, 9000 x g + 30 w.a PP7, 'left 12 hr,
(very small sediment discarded) centrifuged 20 mmin, 9000 x g

S- 4asupernatani'
comnbined~ ZeLn S

diuted to lextracted with 67 % AceD 2 X with
"f total of ca. h5 ml; insolubles

n-centrifuged out 9000 xg,20min

precipitated with equal volume microsc j
of methanol-ether. Precipitate
cent*ifled 20 mn, 9000 x g. - ifc itY. i

ite 15POH Extra&, "ISE7
-extracted iithý 67 % AcOR 2 X - mpernatant dis--
with total of ca. 20 mzs insolu- carded
bl~s cinr:ifugid- ot A-3000 :x
"for2O min - -= - " -ee imentnnt

ýrOnEtct ,"Ir discarded

S. - dia•y•ed aginst .0 M cysteine until the AcOH is removd

*f VDialysate"~

DUIaysate prec-ipitated Vth methinol-ether, centrifuge& at 9000 x g
for 20 mn. SupernaFbant discarded.

Precipitatea resýtspnded in UB, dialyed for 12 hr at 20 0 C against
UB, dilut6ed t- 6&ml, and iasoluble. mater.ial, centr±fuged out at

1O000xg C 0 min.-

-U"' in in re

- Gel 4elctrophoresis (Ca3ý_)

"Solutionsv vloyed: Pfl• WA5 phosphate buffer, pH 7, IO" 2 M cysteine, 0*3 M
* DTIM -AcOHs. 67% *cedic acid_, 0;i,2M cysteirme. (Both solutions are supersatura-
ted with cy-teine at 4 E). Ethanol-ether: I.: rlwture, io-3 mercaptoethanol.
UB: 8 urea in Aroossmi-Grow.4en boffer-, pM 8oM, 10-3 cysteine, 20 % sucrose.

I-;>_
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T~nble 6. Amount of visable protein precipitate sedimented after methanol-
ether precipitation and centrifugation as described in Scheme 2.

Fraction vulgare Ni 118 flavum PM 2

Precipitate TT U ++ 0 0 +

Precipitate S (+) ++ 0

Text, continued from Page 2h.i

The measurement of these parameters yieleed the following information:

(a) The stable Infectivity of Ni 118 amounts to u 2 % that of vulgare;

the stable infectivity of flavum amounts to P'3 % that of vulgare.

(b) The infectivity found for flavum cannot be attributed to the inoculum

since it is c-a. 100 times higher than that of the vulgare zero-controls treated

with antiserum.

(c) The number of viral particles detectable by electron microscopy in

the case of Ni 118 amounted to PO.02 % that of vulgare and for flavuM ^C.3 %

that of vulgare.

(d) From a and c, it can be concluded that the specific infectivity

measured as lesions per viral 'particle for Ni 11 8 and flavum at 300C lies about

one log htgn t of vulgare.

(e) The total content of sheath protein detectable by electrophoresis was

of the same magnitude for vulgare, Ni 118 and fl"vum, namely, at 0.1 mg per gm

of fresh starting material. However, about 95 % of the vulgare protein was

found in the supernatant of the phosphate buffer extract while apprCoimately

100 % of the protein of Ni 118 and flavum was found in the sediment. The ts

proteins thus exist in a different state in the tissues than the vulgare protein:

in the form of rod-shaped aggregates, the vulgare protein is sbluble in aqueous
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solvents whereas the proteins of both the ts mutants are usually denatured and

thereby ren" -- insoluble.

(f) ,. to the findings of Siegel, Zaitlin, and Sehgal (1962) and

the control stu.. ?, the.PM 2 protein is found in the supernatant of

aqueous extracts under these conditions. Thus, non-functional TIN. sheath

protein can exist in the native state (PM 2) or denatured (ts-I mutants at

_ 30°C) in the cytoplasm.

The behavior .. .ious proteins recovered by Schbme I and gel.electro-

phorecis was cifferent. In the case of the last methanol-ether precipitation,

a distinct difference was apparent in the quantity of precipitated protein

"between the different species as shown in Table 6. Since the behavior of the

first three strains exactly parallels the electrophoretically recovered con-

stituents for viral sheath protein, then the conclusion can be drawn that the

reccrcry according to Scheme 2 results in an overall concentration of viral

sheath protein as compared to the plant protein. In contrast to the purifi-

cation techniques for virus, X protdin (Takahashi and Ishii, 1952) and PM 2

p:otein (Siegel, Zaitlin, and Sehgal, 1962)', this is independent of the native

state of the prote:ns. Concerning the absolute yield of this concentration,

however, no statements can be made. During gel electrophoresis, vulgare and

flavu•n exhibit vell defined bards whose positions are clearly distinquished

as expected from. the distinct charge capabities of these proteins (Friedrich-

Freska et al., 19 146) (See Part IT). Ni 118 protein (from the plant or vir!:s)

exhibitad a weak and diffuse band, PM 2 exhibits no band, hovoa-y

behavior during extraction, it can be concluded that the PM 2 protein- is loca-

ted in the supernatant fraction (for behavior in urea, see Part IT also).

VT. The Nature of Viral Particles Synthesized at Nigh Temperatures
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I. Genetic Prope:ties

The few viral particles formed at high temperature in leaf tissues infected

with a ts strain can be (a) selected-out tr revertants or tr contaminants, or

(b) mry stil. posses the ts genotype. These possibilities can be differentiated

from each other in the following manner: leaf material infected with ts

strains is incubated at the high temperature, extracted, and the extract used

to inoculate X~nthi tobacco. Random samples of the few lesions which then

appear are excised and each isolate is propagated on a Szmsun plant at high

temperature. The leaf material thus obtained is used for the inoculation of

Srnsun plants for the temperature test (as in Section C.I.). During the pre-

liminary experiments, it was found that 9 of the 10 Ni 118 lesions obtained

frc 320 C leaf material and 10 of the 10 fiavurn lesions still possesed.the ts

genotype. The possibility could not be excluded, however, that a fraction of

the lesions originated from the residues of the first inoculations since in this

study, no antiserum was employed. On the basis of Section C.IV., this objection

is not practical in the case of flavum lesions which originate from extracts

from ftudies on the detection of sheath proteins. 20 such lesions were excised

and tested as described above. During the intermediate propagation oil Samsun.

19 lesions demonstrated typical flavum symptoms, whereas one isolate produced a

yellrAish-green mosaic. For the temperature test, a Xanthi plant (four large

leaves) mas inoculated per isolate. Two isolates were held as controls at 21-

26 0 C. The number of lesions produced per test plant were as follows: after

incubation at 320C, 15 isolates demonstrated no lesions while 5 isolates had

one lesion each. Controls: 439 and 236 lesions. All of the 20 isolates were

thus ts. The small level of infectiousness remaining at high temperatures is

inot the result of tr viruses that are selectively concentrated from the infect-

ious viral particles.



-31-

2.Phený- -i-teristics

In this regar. -n specific investigations were carried out. Friedrich-

Vreska et al. (19L- -he following observations concerning flavum:

(a) The yield of viral propagation was < 5 % that of vulgare.

(b) The few flavniLm viruses that were obtained migrated more slowly in an

elect:-ic field than did vulgare in alkaline solvents. If one assumes that the

flavuan strain studied in those experiments is identical to that employed in

our irrnestigations, as is indicated by the biological criteria and electro-

phoretic behaviors, then one must conclude that (a) the vir was probably syn-

thesized at moderately high temperatures, and (b) the virus that was synthesized

had in its sheath protein the amino acid substitution (aspartic acid A-• alanine)

that leads to temperature sensitivity (Wittmann et al., 1965). In spite of the

possibility of temperature variations, one can conclude that at high temperature,

neither the genotypic nor the phenotypic deviations from flavum are concentrated

(purity of the inoculum and a not-too-long incubation time are assumed.)

VII. Secondary Propagation of ts Virus in The Plant

The secondary propagation of infectivity without the production of large

quantities of stable viral particles can be observed best with the yellow

strains whose symptoms are very distinct. Mundry (1957) determined that the

probability of the expression of secondary symptoms of flavum decrease to J 5 %

(of the infected plants) at 32 0 C. This finding has been confirmed. In agreement

with the findings of Siegel, Zaitlin, and Sehgal (1962) on the defective mutants

PM 1 and FM 2, he explained that stable viral rods are generally necessary for

the secondary propagation in the plant but not for the growth of a primary

infection focus. The somewhat more stable reflavescens strain (s3e Part II)

undergoes secondary propagation at 32 0C, however, the secondarily infected

leaver, which are completely whitish-yellw, contain 1 % of the quantity of
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virus t-hich is found in corresponding leaves of vulgare-lnfected plants.

Relatively few stable viral particles are sufficient in this case for the

secondary propagation of the infection.

D. SUMMARY 0? THE ETOLCOGICAL PROPERTIES OF NUUTANTS

I. ts Mutants of Class I

The best studied are the mutants flavum and Ni 11. These are characterized

by the following proper-ties: at high temperatures ( > 30 0 C), none or only small

amounts of viral particles are produced. Infectiousness, however, is displayed

in the leaf tissue, an a protein is accumulated whose polypeptide chaiii is

identical to that of the sheath protein produced by the viral particle at lower

temperatures. The protein does not exist in the native state in the tissues.

Large quantities of free RNA are not accumulated. For Ni 118, it has been

shown that the infected tissues, immeadiately after reverse transfer to a lower

temperature, produce intact viral particles. The conclusion is that the single

temaerature-sensitive function of these ts mutants is the maturation of viral

particles and that the mutation involved in these cases is located in the sheath

protein cistron. Ni 2204: this mutant produces at lew temperature in contrast

to its parent strain, A 14, strongly reduced quantities of virus. In contrast

to the typical ts mutants, large quantities of free RNA are accumulated, at

both high and low temperatures. Since it can be shown by means of in vitro

studies (Part II) that the defect of this mutant is still associated with the

sheath protein, then it still belongs to class I as does flavum, Ni 118, and

Siegel's defective mutant PM 2. In class I, therefore, there are mutants

which (under restrictive conditions) accumulated large quantities of RNA and

those that do not.

TT. Vi 2516 and 1i 2519

Both of these nutants are ts, however, according to Wittmann-Liebold et al

(1965), no amino acid substitution can be found in their sheath proteins vhen
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they are compared to the sheath protein of the tr parent strain, A lz. In

alkaline solvents, Ni 2519 protein migrates in gel electrophoresis about the

same speed as does A 14 protein thus excluding the possibility of an amice

substitution (Part IT). In the In vitro test, Ni 2519 protein is stable at

both 30oC and 350C (see Part IT). Ni 2519 shows no or arrested symptom pru-

duction at high temperature, and at green house temperature, it produces

lesions on Xanthi tobacco which are smaller than those of A 14. Since, accord-

ing to tem-3rare reverse-transfer studies, the defect involves neither a

primary event of infection nor the matur3tion process, then it must involve a

temperature-sensitive function necessary to the propagation of infectivity in

tissues. The mutation leading to temperature-sensitivity in this case does

not lie in the sheath protein cistron but in another cistron of unknown function,

which should be designated accordingly as II. Ni 2519 is thus ts-II. Ni-2516

has not yet beevisufficiently chardcterized biologically. It appears, however,

to differ substantially from Ni 2519.

ITT. Ni 2338

This mutant is "inversely temperature sensitive" (its). Perhaps the sheath

protein is ts, but only at 35 0 C. The symptoms and its behavior are dependent

on the host employed. In contrast to all the other mutant studied in this

report, it causes necrosis primarily on Samsun tobacco. Since the nectotic effect

on the plant reduces the virus yield (Samuel, 1957), the its effect can be

explained as an indirect host effect and as such, will not be studied further in

this work.

E. GENERATL CONCLUSIONS

T. Functions of the TM Genome

vittmann (1962) found that in the case of the TM7 mutants, which were
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pnroduced with nitrnus acid, certain amino acids in the sheath protein could

be O0 14 converted to another. This proved that the structural gene of the

sheath protein in its active form depends on viral RNA. According to the

triplet code theory, for 158 amino acid residues, there should be ca. 500

nucleotides. Since the total length of the TMV RNA represents ca. 6,500

rncleotides, then one would expect same 10 to 12 additional structural genes

for other polypeptide chains whose intracellular functions have been described

in TMV replication (1,ittmann, 1962). By studying ts mutants of T4V, at least

one such function has been detected which in the case of the ts mutant Ni 2519,

could be temperature-sensitive (Wittmann-Liebold et al., 1965, and this work)

nnd perhaps another for Ni 2516. The mutants Ni 2519 and Ni 2516 were, however,

isolated after employing a special selection procedure. It is still not fully

understood why all the other ts mutants belong to Class I, that is, are ts

with regards to the sheath protein, when so many other proteins are determined

ty the TM4V RNA. The following posbble explanations exist: (a) this effect

is a selection artefact in that under the conditions of isolation of the mutants,

ts mutants, which cannot-propagated in tissue at high temperature in contrast to

the ts-T mutants, are either selectively excluded or through selection of sympto-

matic divergent strains, certain sheath protein mutants are concentrated. The

seccnd hypothesis at least agrees with the yellow strains (see v. Sengbusch,

1965). (b) The sheath protein particularly has many amino acid positions which

can be mutated to cause temperature-sensitivity. This explains the high pro-

portion of temperature-sensiti!ze mutants which possess an amino acid substitution

in the sheath protein (16 out of 21). (c) In the case that both of these explana-

tions are not adequate, then one must assume that the TMN gencane contains only

2-h cistrons vhich code for protein.
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II. The Intracellular State of Defective ts Proteins

Hrsel and Brw'a'k (1964), during their investigations into the hypersensi-

tive reaction of Ni4cotiana glutinosa, incubated flavum-infected leaf cuttings

at 30 0 C and examined the tissues for chloroaes elicited at high temperature

under the electron microscope. They found fine-structured inclusions in the

cytoplasm but no viral rods. This cannot, as the authors concluded, be an

effect of plant hypersensitivity since the tr strain itself replicates well in

N.0 glutinosa and also on Xanthi tobacco at high temperature (Kassanis, 1957;

Jockusch, 1966a). It is probably for that reasons that HrTel and Broack were

able to observe the defective ts protein under the electron microscope. Their

findings were, in any case, in agreement with the data presented in this work

in that (a) flavum forms scarcely electron microscopically detectable viral

particles at 30 0 C, and (b) its proteins must exist in the form of insoluble

aggregates under these conditions. The relationship between yellow symptoms

and ts behavior is no longer surprising since v. Sengbusch could show:using

Wittmann's mutants that a relationship between yellow symptoms and the primary

structure of the protein exists (this correlation can be developed further with

knowledge of viral specific enzymes - Friedrich-Freska et al., 1964). The re-

lationship between both phenomena is probably to be found in the solubility

properties of the sheath proteins.

I1. Reciprocal Stabilization of Protein and RNA in The Cell

1. Possible Stabilizing Effects of Sheath Protein on RNA

During the studies on labile RNA from defective mutants of class I, two

behavior patteras were found: (a) RNA was accumulated at 150-300 times more than

stable viral particles (Ni 2204). (b) The infectivity was increased, but reslted

in practically no viral particles while the RNA was synthesized, if at all, to
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about a IC-fold excess over the small quantity of virus (Ni 118 at 3500). The

possibility that in the second case, the TMV RNA was active as mebsenger RNA was

shown by the fact that it could code in the case of vulgare for sheath protein

that could be detected by electophoresis. High temperatures cannot be the sole

reason for the disappearance of RNA since Ni 2204 accumulates large quantities

of RNA under these conditions. The capability to accumulate RNA in large excess

4-n the cell or not, when no viral particles are formed, is thus strain-specific.

A.r defective mutants, PM 1 and PM 2, accumulate it also under green house condi-

tions 'Siegel, Zaitlin, and Sehgal, 1962). It is not unlikely that this capa-

bility can be dependent on the primary structure of the sheath proteins. In this

case, a protein determined by a polycistronic messenger RNA would determine the

longevity of the messenger RNA in the cytoplasm.

2. Stabilization of Proteins by the RNA

During the detection of defective sheath proteins of the ts-I mutants,

Ni 118 and flavum, it was shown that at 30°C, the specific infectivity of these

mutants, measured as lesions per viral particle, was about 10 times higher than

that of vulgare. Lebeurier and Hirth (1964) found that in the case of the wild

strains employed bj them, viral particles were produced at high temperature which

had a strongly reduced RNA content. The fact that the wild strain employed here,

vulgare, had a smaller specific infectivity in lesions per rod at high tempera-

tures as compared to low temperature indicates that vulgare itself behaves like

these strains used by Lebeurier and Hirth. Ceblen (unpublished) found with

vulgare that when it was propagated at 320C, there was a decrease in the UV

extinction ratio, E2 6 0 /E 2 80 indicating a dii.nished RNA content. From these

results, the. different specific infectivities of ts and tr strains can be

explained on the basis that the sheath protein subunits in the presence of RNA
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ate thermal-stabilized like some enzymes in the presence of their substrates.

Vulgare subunits, however, can still form their native quaternary structures

without the stabilizing influence of RNA.

IV. Employment of Temperature Sensitivity with TMV

Two possible applications for ts mutants are presented: (a) through

temperature variations, certain functions (for example, maturation ofits-I

mutants) can be synchronized. This would facilitate kinetic investigations in

this system. (b) Assuming that the polypeptide chain is not acetylated by a

viral specific enzyme which can itself be made defective by mutation, the capa-

bility of ts-I mutants to producing growing lesions on Xanthi at high temperature

is a feature that can be easily tested for with large numbers of viral clones

in order to detect mutations in the sheath protein structural genes.

SUMMARY

Twenty-one mutants of TMV isolated by other investigators, five specially

selected mutants, and four wild strains (Table 2) were investigated with respect

to their temperature behavior in the host cell. Of the 21 mutants, 14 were

* temperature sensitive (W_ in the sense that in tobacco leaves at 321C, they

produced only a fraction of the stable infective material produced at ?30 C.

Seven of these mutants and all 4 wild strains were temperature resistant (tr),

that is, they produced comparable amounts of infective material at both tempera-

tures. The pattern of tr and ts behavior is similar, but not identical, on three

other host plants. The l4 unselected ts mutants all showed spreading symptoms

at 32°C (ts-I mutants). Eleven of them produced yellow symptoms on tobacco at

23 0 C as well as at 320C (Table 3).- )

From the newly isolated mutants, Ni 2204 is designated as defective (def)

becuuse low virus yields are obtained even at 23 0 C. Ni 2519 is designated as

ts-I_, because the spreading of symptoms is inhibited at high temperatures

(Table 3).



-38-

The ts-_ mutants, Flavum and Ni 118, the def mutant, Ni 2204, and the ts-TI

Ni 2519 were studied more intensively. It vas found that: j
(a) ts behavior is not caused by degradation of complete viral particles

(Ni 118, Ni 2519 - Section C.III.2.b.).

(b) The ts mutants are unable to produce rod-like structures (infective or

non-infective) at high temperatures (Ni 118 and flavum caopared to vulgare, Table

5).

(c) ts-I mutants accumulate the coat protein polypeptide chain, but in an

insoluble denatured state (flavum, Ni 113, Figs. 3, 4).

(d) Ni 118 does not accumulate excessive amounts of labile RNA with respect

to virus at 35 0C, but Ni 2204 does so (Table 4).

(e) The Ni 118-infected plants producea large amounts of stable virus within

8 hours after being transferred from 320C to low temperature 36 hours post-infection,

but the Ni 2519 infected plants does not (Fig. 2).

It is concluded that with Ni 118 and flavum, it is the maturation of the virus

particle which is thermo-sensitive as a consequence of a mutation in the coat

protein cistron. This conclusion is generalized for all ts-I mutants on the

basis of their symptcmology and of the chemical analyses (Wittmann and co-workers)

and the in vitro behavior (Part IT) of their sheath proteins. The state of the

defective protein in the cell and the mutual stabilization of RNA and sheath

protein subunits are discussed. In Ni 2519, some function is apparently thermo-

labile which is necessary for the spreading of the virus infection in host

tissue.
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